Coupling Medium for Transverse Ultrasonic 



The present invention relates to a novel coupling agent for 
transverse ultrasonic waves, such as are, for example 
employed in the field of material testing. 

The use of transverse ultrasonic waves in non-destructive 
material testing occurs by means of respective transverse 
ultrasonic wave transducers mounted on the surface of the 
test piece. Measuring may occur using a pulse-echo method 
or a transmission process. The elastic constants of the 
test piece material, for example, can be measured from the 
transit times of the ultrasonic pulses. 

Coupling of transverse ultrasonic waves into the test piece 
requires a corresponding coupling agent between the 
transmitting respectively the receiving transducer and the 
surface of the test piece. Although numerous coupling 
agents for coupling in longitudinal sound waves are known 
in the art, for example, providing corresponding materials 
for coupling in transverse sound waves presents major 
problems. Such coupling agents must possess sufficient 
shear stability therefore, for example, water is 
unsuitable. 

J. Krautkramer et al. : "Werkstof fpriifung mit Ultraschall" 
5th ed. 1986, Springer, page 297, mentions, in particular ' 
viscous materials, such as cable impregnation media, 



super-heated cylinder oil or gear lubricant oil (SAE 90), 
as suited coupling agents. Furthermore, reference is made 
to adhesive wax, low-melting point salts and plastic 
adhesives with which the probe can be permanently glued 
onto the surface of the test piece. 

However, all these materials do not possess satisfactory 
properties and frequently cannot be reproducibly provided. 
In particular, employing gear lubricant oil is, according 
to own tests, only successful in the lower ultrasonic 
frequency range «lMHz) . In higher frequency ranges between 
1 and 20 MHz such as are utilized in material testing, the 
oil is not suited for coupling in transverse ultrasonic 
sound waves. 

Permanent coupling by gluing the probe onto the test piece 
is not recommendable solely on the basis of useable testing 
velocities. 

Another substance known in the art as a coupling agent for 
transverse ultrasonic waves is honey. However, honey as 
well as glue cannot be reproducibly produced, are 
unpleasantly sticky and cannot be easily completely removed 
from the surface of the test piece. Moreover, commercially 
available media for coupling in transverse ultrasonic waves 
produced on a honey basis and whose appearance has been 
altered by colorants are expensive. 



An essential property that a coupling medium for transverse 
ultrasonic waves should possess is that it be reproducibly 
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producible and the ability to be able to generate a very 
thin layer of this medium between the probe and the surface 
of the test piece. The reason therefor is the principle of 
-transit time measurement. The overall transit time of the 
sound between the transmitting transducer and the receiving 
transducer is composed of the portions of the transit time 
of the sound in the individual components of the system, 
i.e. in the case of transmission measurement of the 
transit time in the coupling layer between the transmitting 
transducer and the test piece, the transit time in the test 
piece and the transit time in the coupling layer between 
the test piece and the receiving transducer. Therefore, 
for accurate measurement it is necessary to either know the 
thickness of the coupling media and the sound velocities 
occurring therein exactly or to generate an extremely thin, 
only a few atom layers thick coupling layer, whose transit 
time portion is negligible for measurement precision. 

These requirements in particular present problems in the 
state-of-the-art coupling agents. On the one hand, their 
sound velocity is not always known, on the other hand they 
cannot be generated with a defined thickness between the 
surface of the probe and the test piece, which, for 
example, is only dependent on the pressure force of the 
transducer on the probe. The frequently employed honey- 
based coupling medium forms crystals when pressed so that 
the thickness of this coupling layer differs from 
measurement to measurement, thus is undefinable. Crystal 
formation depends on non-controllable peripheral conditions 
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such as temperature, humidity, water content, etc. 
Moreover, coupling media for longitudinal ultrasonic waves, 
such as in particular used in medical diagnosis are known 
from the state of the art. US 4, 905, 700 describes an 
ultrasonic coupling medium, which comprises a hydrogel 
foil, with a water content of >90% and polysaccharide, for 
examining the human body. 

Furthermore, JP 07/124154 discloses a contact medium, 
comprising a gel composed of polysaccharides, for 
ultrasonic applications in medical diagnosis. The water 
content of the gel lies above 80%. In this case, too, the 
field of application being medical diagnosis, the coupling 
medium is for longitudinal ultrasonic waves, but not a 
coupling medium for transverse ultrasonic waves. 
The demands on a coupling medium for transverse ultrasonic 
waves distinctly differ from the demands on a coupling 
medium for longitudinal waves so that the coupling media 
mentioned in the cited printed publications are completely 
unsuited for coupling transverse ultrasonic waves. 
On the basis of these problems of the state of the art, the 
object of the present invention is to provide a coupling 
medium for transverse ultrasonic waves that possesses good 
coupling properties for transverse ultrasonic waves, 
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is reproducible and its thickness between the surfaces of 
the probe and the test piece can be reproducibly set 
This object is solved with the medium of claims 1 
respectively 3 . Advantageous embodiments are described in 
the subclaims. 

A key element of the invention is that is was recognized 
that a homogeneous mixture of a polysaccharide, a surface- 
active substance and water is excellently suited as a 
coupling medium for transverse ultrasonic waves, with 
polysaccharides also including disaccharides . Such a medium 
can be easily produced, in a reproducible manner and 
possesses excellent coupling properties. The coupling 
medium of this composition is white and creamy, thus has a 
pleasant consistency and appearance. This medium can be 
colored as desired and is durable. Moreover, it can be 
easily removed from the surface of the test piece with 
water . 

With the invented coupling medium, transverse ultrasonic 
waves can be coupled into materials of different 
composition, 



for example skin, surfaces of solids, test pieces, etc. 
The coupling medium reacts excellently to shear forces and 
coupling performance is comparable to the previously used 
•but not standardized coupling media such as glue and honey. 
Furthermore, it is a very economical variant of a coupling 
medium. 

In a preferred embodiment, solely non- toxic and 
biocompatible polysaccharides and surface-active substances 
are employed. 

The invented coupling medium has the particular advantage 
that its thickness can be reproducibly set following 
application to the surface of the test piece or the probe. 
This thickness can be generated by a defined pressure force 
of the probe onto the surface of the test piece. Applying 
the same pressure in each measurement yields the same layer 
thickness of the coupling medium. Moreover, with the 
coupling medium, very thin layers of only a few atom layers 
can be generated between the surfaces of the probe and the 
test piece so that the transit time of the ultrasonic wave 
in this coupling layer is negligible. 

A special feature of the present invention is the 
reproducible, low acoustic attenuation of the developed 
coupling medium, with the transmitted portion of the sound 
waves increasing in comparison to the agents known in the 
state of the art. 



Thxs xs achieved by means of the settable, infinitesimal 
thxckness of the coupling layer and by means of the low 
attenuation coefficients of the material, m this manner, 
•with g 1V en excitation energy, higher intensity is at 
disposal inside the probe so that deeper l ying structure 
become detectable at all or better. 

The mixture ratios of water, surface-active substance and 
polysaccharide lie preferably in the range from 10 to 30 
wexght percent for water, f rom 10 to 30 weight percent for 
the surface-active substance and from 40 to 80 weight 
percent for the polysaccharide. 

Preferably the polysaccharides are, starch, hyaluron acid 
polyglucane, amylose, dextrin and disaccharides such as 
sucrose, saccharose and trahalose. Lipids, aerosol-OT 
Phospholipids and glykolipids are preferably employed as 
surface-active substances. 

The especially good transmission of the shear forces is 
particularly yielded by the three-dimensionally linked 
molecular structure which forms in the invented mixture and 
immobilizes the water sufficiently molecularly in the 
microspaces . 

In the following, a preferred embodiment of such a coupling 
medrum is described. A mixture of aerosol-OT with a weight 
per cent of 22. trehalose with a weight per cent of 56 and 
water with a weight per cent of 22 is produced in the 
following steps: 
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1. Production of an aerosol-OT dispersion with little water 
for creating a high-viscous dispersion. 

2. Stepwise addition of trehalose and water while stirring 
until a homogeneous mixture is yielded. 



